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Introduction 

During our 
heat capacity of coal and to develop a model that  would facilitate the prediction 
of the thermal properties of coal, several series of nieasurenients of the heat 
capncity of a single coal were made. 
to be related to weathering of the coal and to i t s  inherent moisture content were 
observed. This paper deals with t w o  facets of the interaction of nioisr.ure with 
coal surfaces.that are related to our study of these changes. 

‘flie first was the observation of significant qualitative and quantitative 
differences in the initial heat capacity scans as the coal under study became 
more oxidized (1,2). Particularly significant was the progressive development of 
an exotherm. As the projected heat halance of any process would he seriously 
affected by an unanticipated generation of heat, i t  is important to determine the 
magnitude of the enthalpy. 

Second, our adaptation of a model which permits the prediction of the heat 
cayicity of coal from parameters such as heating rate, ultimate antilysis, and 
moisture content (3) requires a value for the heat of \*aporij.;tion of water. 
Since the water interacted with the coal surface, it was not clear that the niwt 
suitable value \vas in fact an enthalpy of vaprization. 
the energy 
nature of the process might be. 

‘Illis paper descrihes the nieasurenients and data reduction techniques used to 
evaluate the energy difference between initial and subsequent runs, a simple 
technique developed for heat of desorption measurements, and presents results 
obtained with both procedures. 

Experimental 

efforts to develop transferable techniques for the measurement of the 

Changes in thermal properties which appear 

\\.‘e wished to determine 
involved in removing water from the coal e.upc!rinientally, whatever the 

Materials 

Two  different coals were used for these studies. The first was a high-volatile 
bituminous coal (I’SoC-854), obtained from the Coal Sample Dank at Pennsylvania 
State University. The second, a preniiuni medium-volatile bituminous coal, was 
obtained from the Premium Coal Sample Bank a t  Argonne National laboratories (4). 
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Procedures - heat capacity measurements 

Specimen preparation followed our established procedures (5). All  preparation 
was done in a controlled atmospliere, either in a controlled-atmosphere chamber 
for the specimens sealed in nitrogen (6). or in a glove bag for specimens sealed 
in argon, helium and carbon monoxide. Representative fractions. obtained by 
riffling, were heated to 383 K in a stream of d ry  nitrogen and dried to constant 
weight. The specimens were pelleti7.ed lxlore sealing. Pellet masses, accurate 
to O.OSpg, varied f rom 5.33-21.53 nig. The temperatures are accurate to 0.1 K. 

lleat capacity nieasurenients were niade wi th  a scanning calorimeter at  
300-520 K. Colorimetry Conference sappliire was  used its a standard (7). The 
running order for tlie nieasurenients was empty, st;indiird, coal 1 ,  coal 1 repeat, 
standard, etc. The specimen mass was determined before the initial scan; 
following each scan of coal, tlie specimen was  cooled and rea.eiglied. The 
measurements, i n  air, made early in our development of recommended procedures, 
involved slightly different running procedures. 

Data analysis - heat capacity and entlialpy 

A fitting program was  applied to tlie heat capacity data using algoritlinis 
developed in these laboratories. 
repeat argon, tlie area beta.een the curves was determined by numerical 
integration. This area co r re sp ids  to tlie entlialpy difference between the 
initial and repeat runs. 

Procedures - ent1i;ilpy of desorption 

The specimens used for the enthalpy of desorption 
with ivater in atniozplieres of tlie desired huniitlity. weighed and transferred 
quickly to the calorimeter. 'Ihe calorimeter temperature \vas set initially a few 
degrees above the melting point of water. An enthalpic nieiisiirenient teclinique \vas 
used (8,9). This technique for scanning c;ilorimetric measurements of heat 
capacities and enthalpies meiisures the total entlielpy in a step cliange in 
tenilierature. Ilivision by the teniperature change gives the heat capacity at  the 
midpoint of tlie temperature step. The temperature w a s  raised rapidly to tlie 
desired final temperature and held constant for an hour; data were taken until 
the trace returned to the baseline. l'lie repeat scan followed tlie initial scan 
iminedintely, without intermediate weighing. The m a s  loss, determined by 
\veighing arter tlie repeat run. v.'as used to calculate the enthalpy. We had 
observed in other studies tliat mass losses rarely occurred in scans suhsequent to 
the initial scan. 

Data analysis - enthalpy of desorption 

In the 
the dry coal) was  used as the baseline in the determination of the heat input 
required by 
from that for the nioist coal yielded a heat input versus time plot, from lvliich 
the enthalpy of desorption could be determined. The enthalpy was obtained by 
integrating heat input versus time and dividing by the mass loss of the specimen. 
Fig. 1 represents a typical plot for the endothermic desorption of water from 
moist coal at  temperatures around 400 K. 

5 K/min from 

For each pair of fitted data, e.g.. argon and 

measurements were equilihrated 

deterniination of the enthalpy using this procedure, the repeat scan, (for 

The subtraction of tlie dry  coal scan the moist coal (initial scan). 

A t  higher temperatures (400-500 K). the 
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coal exhibits the exotherm illustrated in Fig. 2. 

Results 

Enthalpy differences 

l'he results 
854 made over a period of three years and on an initial study of the premium 
coal. 
studies. 'l'he A specimens were prepared and sealed in air; the 13, C, and premium 
specimens were prepared and sealed in nitrogen. 
of the I'SOC-854 initial scans; it is not observed in the initial scan of the 
premium coal. 
pair is given in Table 1. 

A comparison, of heat capacity data from specimens sealed in different atmo$ieres 
is given in Fig. 4. 'Hie heat capacity of the coal sealed in air is lower than 
the others. Values obtained in helium are highest. As the heat c;ipiicity of the 
speciniens sealed in argon is similar to that for specimens sealed in carbon 
monoxide and nitrogen, the latter are omitted from Fig. 2. The entlialpy 
differences for the data obtained in various atmospheres are included in Table 1 
also. 
curves used for air were not obtained with the same running sequence as the other 
data: The scan used as the initial run was made approximately one year after the 
repeat run depicted. Thus the figure given in 'Ihble 1 for tlie enthalpy 
difference in air is influenced both by the varying oxidation levels of the 
specimens and by tlie effect of the different atniosphere. I3ec;iiise of the 
difficulty in comparing this with the other enthalpies, this figure is given in 
paren theses. 

lleat of desorption 

Representative data obtained using the methods descrilied here for d-terniining 
heats of desorption are presented in Table 2. The values are slightly higher 
than tlie isosteric heats of desorption reported by Allardice and ]:vans for 
Yallourn brown coals (10). The heat of vaporization of water as a real gas is 
2.26 kJ/g at atniospheric pressure (11). The scatter in tlie data \vas less than 10 
percent. A furtl iur study of repeated desorption and adsorption from tlie coal 
surface, not discussed in detail here, showed comparable precision. 
applied the method described here to n.ater-calciuni sulfate and ~vater-molecular 
sieve systems successfully. 

presented for tlie enthalpy differences are based on studies on I'SOC- 

fig. 3 is a composite of the fitted heat capacity data from each of these 

'llie exoiherni is apparent i n  each 

The enthalpy difference between initial and repeat scans for each 

As we were not aware of the exotherm in the initial studies ( in  air), the 

We have also 
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T A B L E  1 : AH1 - A H R  VALUES FOR SEVERAL COALS 

YERR OF SPECIMEN RTMOSilI!ERE AH1 - A H R  
STUDY FIGURE REF. (J/g K )  

1983 A AIR (6 0) 

1984 B N2 18 

1985 C N2 34 

1986 PREM N2 6 

1985 ARGON AR 37 

1985 HELIUM HE 29 

TRBLE 2 : DSC CORL-MOISTURE D E S O R P T I O N  D A T A  

RUN I TEMP. RRNGE ( K 1  SRMP.MASS (mg. )  X WT. LOSS ENTHALPY ( k J / g )  

C L W ~  273-400 11.519 6 . 4 1  3 . 2 2  

CLHQS 273-400 10 .952  6 . 1 5  3 . 3 2  

CLW06 273-370 11 .207  6 . 8 2  3 . 1 4  

CLW07 273-370 14.304 6 . 0 1  2 . 7 9  

CLW08 273-430 14.393 6 . 9 1  4 . 9 1  

CLWW 273-430 I I . 5 0 8  6 . 2 1  4 . 3 0  
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